Barcelona clinic liver cancer-stage C (BCLC-C) encompasses a broad spectrum of tumor burdens, liver function statuses, patient prognoses, and treatment strategies. Currently, sorafenib is the only recommended treatment for patients with BCLC-C and outcomes remain suboptimal. The aims of this study were to assess the heterogeneity of BCLC-C hepatocellular carcinoma (HCC) cases, propose a novel subclassification for these cases, and suggest optimal treatment strategies other than sorafenib.
Introduction
Hepatocellular carcinoma (HCC) is a common cancer worldwide, and is associated with increasing medical expenses and health problems. HCC is also one of the most frequent types of cancer in Korea. [1] Although there are numerous classification systems for HCC, the Barcelona clinic liver cancer (BCLC) staging system has been used most widely because of its simplicity. [2] The BCLC staging system stratifies patients according to clinical condition and also provides treatment strategies. [3] However, it does not provide an accurate reflection of the various factors that are present in the clinical setting. In particular, BCLC-stage C (BCLC-C) HCC encompasses a broad spectrum of tumors (including uninodular, multinodular, or infiltrative HCC; portal vein invasion [PVI] ; and other characteristics) and is associated with varying degrees of liver function and overall performance status (PS). Owing to the heterogeneity of the BCLC-C group, it is associated with a wide range of prognoses and survival outcomes.
At the time of HCC diagnosis, portal vein tumor thrombosis (PVTT) is detected in approximately 10.0% to 40.0% of patients, [4, 5] and HCC with PVTT is classified as BCLC-C according to BCLC staging system. PVTT is associated with an extremely poor prognosis; the median survival time is 2 to 4 months for patients who have unresectable HCC with PVTT, but 10 to 24 months for patients who have unresectable HCC without PVTT. [4, 6] The extremely poor prognosis of patients with PVTT is the result of hematogenous metastasis, portal hypertension, and hepatic failure. [7] PVTT also restricts the treatment strategies that can be employed, with the majority of HCC guidelines considering PVTT as a contraindication for curative treatment modalities (e.g., liver transplantation, surgical resection, and transarterial chemoembolization [TACE] ). [2, 8] Currently, sorafenib is the only recommended treatment option for BCLC-C HCC patients with or without PVTT in the European Association for the Study of the Liver guidelines. [3] However, the increases in overall survival (OS) rates associated with sorafenib are disappointing, and better treatment options or combination therapies are urgently required. [9] The BCLC staging system does not provide any subgroup stratification of BCLC-C HCC patients, which poses a challenge to the development of more specific and effective treatment strategies. There have been diverse efforts to improve the management of patients with BCLC-C HCC by providing alternatives to sorafenib (the current standard treatment). However, these potential alternatives require further validation. [10, 11] Therefore, the aims of this study were to assess the heterogeneity of BCLC-C HCC patients and propose a novel subclassification and treatment strategy.
Materials and methods

Patient selection
This study was conducted at Chonnam National University Hospital, a 1000-bed medical center in Gwangju (South Korea), and Hwasun Chonnam National University Hospital, a 500-bed medical center in Hwasun (South Korea) that specializes in cancer. Data were collected and retrospectively reviewed from the medical histories of HCC patients who were diagnosed and treated between January 2008 and December 2015. Patients with missing data or unavailable follow-up information were excluded from our prognostic analysis. In total, 196 consecutive BCLC-C HCC patients were selected and analyzed. The following factors were investigated: age, sex, viral markers (hepatitis B and C), presence of liver cirrhosis, Child-Pugh score (CPS), alphafetoprotein (AFP) levels, tumor characteristics (number of lesions, diameter of the largest lesion, nodularity, vessel invasion, bile duct invasion [BDI] , PVTT, and distant metastasis), first-line treatment modalities, and survival status. Survival was defined as the time interval between the date of HCC diagnosis and the date of death or last follow-up. According to the Korean Association for the Study of the Liver and National Cancer Center guidelines, [12] [13] [14] the enrolled patients with BCLC-C HCC were treated with 5 different modalities as first-line therapies for HCC, including surgical resection, TACE, hepatic arterial infusion (HAI) therapy, sorafenib therapy, and radiotherapy (RT). A proportion of BCLC-C HCC patients were treated with combination therapy and a small number of patients received best supportive care only.
HCC diagnoses and treatment
HCC diagnosis was based on the American Association for the Study of Liver Disease criteria. [2] Diagnosis and treatment were performed according to the Korean Association for the Study of the Liver, National Cancer Center guidelines, and the BCLC staging system. [12] [13] [14] Tumor characteristics were assessed by abdominal computed tomography or magnetic resonance imaging, and the PS was rated according to the Eastern Cooperative Oncology Group scale. [15] Images were retrospectively reviewed by an expert senior liver imaging radiologist (S.S.S.).
Surgical resection
Patients were selected for surgical resection if they had a PS of 0 with a Child-Pugh classification of A or B7, on the basis of their hepatic functional reserves, on the basis of their predicted remnant liver volumes, or according to their tumor stage. A macroscopic PVTT classification has been proposed by the Liver Cancer Study Group of Japan. [16] Vp1 is defined as the presence of a tumor thrombus in the third-order (or higher) branches of the portal vein. Vp2 is defined as the presence of a tumor thrombus in the second-order branches of the portal vein. Vp3 is defined as the presence of a tumor thrombus in the first-order branches of the portal vein. Vp4 is defined as the presence of a tumor thrombus in the main portal vein or a branch of the portal vein contralateral to the primary involved lobe (or both).
TACE
TACE was performed with a selective injection of a mixture of epirubicin (50 mg) and lipiodol (10 mL), followed by embolization with Gelfoam fragments. TACE was repeated 6 to 8 weeks later unless clear progression or serious adverse events had occurred. Additional TACE procedures were planned "on demand," according to the results of radiological and serum AFP measurements conducted every 8 to 12 weeks. The European Association for the Study of the Liver criteria, based on bidimensional measurements of a tumor's enhanced viable component, were used to evaluate tumor responses. [17] 2.5. Hepatic arterial infusion therapy A drug delivery system was positioned and patients received scheduled arterial infusions of chemotherapy via the injection port. Chemotherapy comprised daily administration of cisplatin (7 mg/m 2 ), followed by 5-flurouracil (170 mg/m 2 ) on days 1 to 5. Days 6 and 7 were rest days. [18] 
Sorafenib therapy
The initial dose of sorafenib was determined according to several factors (e.g., PS and residual liver function). Patients with a ChildPugh classification of A received 400 mg twice daily. A reduction in the dose of sorafenib or a temporary stoppage was permitted depending on the type and severity of any adverse events (i.e., Grade 2 or higher in the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 4.0). Sorafenib therapy was continued unless intolerable toxicity occurred or clinical disease progression was observed. Computed tomography and/or magnetic resonance imaging were used to evaluate tumor responses every 3 months. 
RT
Radiation doses for palliation varied from 8 Gy delivered in 1 fraction for patients with a poor PS or widespread disease to 50 Gy delivered in 20 fractions for patients with isolated metastasis and a good PS. [19] We only included those patients who received RT for reducing PVTT, and excluded patients who received RT for other purposes (e.g., extrahepatic/lymph node metastasis or debulking). Patients who were treated with other first-line treatment modalities (e.g., TACE, HAI therapy, and sorafenib therapy), as well as RT, were also included in this group.
Best supportive care
The reasons for providing best supportive care were diverse and related to comorbidities (e.g., old age, advanced tumor stage, insufficient residual liver function, and refusal of treatment by the patient or their relatives), meaning it was difficult to implement any therapeutic management approaches.
Ethical considerations
All participants provided written informed consent. The study protocol was approved by the institutional review board committee (CNUH-2016-157) of Chonnam National University Hospital (Gwangju, South Korea). Research was conducted in accordance with the 1964 Declaration of Helsinki and its later amendments.
Statistical analyses
Categorical variables were presented as absolute numbers and percentages and compared using Fisher exact tests. Continuous variables were presented as median values and ranges and compared using Mann-Whitney U tests. Cumulative OS was calculated using the Kaplan-Meier method and compared by the log-rank test. Variables with P .05 in the univariate analysis were entered into the multivariate Cox regression analysis. The null hypotheses of no differences were rejected for P .05 or, equivalently, if the 95% confidence interval (CI) of the hazard ratio (HR) estimates excluded one. All statistical analyses were conducted using the Statistical Package for the Social Sciences for Windows, software version 20.0 (IBM Corp., Armonk, NY).
Results
Baseline characteristics of the enrolled patients
A summary of the baseline characteristics of the enrolled patients is provided in Table 1 . The cohort comprised 160 men (81.6%) 
Analysis of survival according to different first-line treatment modalities
The survival durations of patients with different first-line treatment modalities are displayed in Table 2 . The 21 patients who received best supportive care only survived for a median of 91 days. The 17 patients treated with surgical resection, 97 patients treated with TACE, 11 patients treated with HAI therapy, 18 patients treated with sorafenib therapy, and 18 patients treated with RT survived for a median of 1343 days, 372 days, 296 days, 193 days, and 189 days, respectively (P < .001).
Analysis of prognostic factors for 1-, 3-, and 5-year survival rates
Clinical factors that may be related to survival were analyzed. Univariate analysis of 5-year survival rates among all 196 patients identified a CPS of ≥7 (P < .001), a tumor size of ≥5.0 cm (P < .001), distant metastasis (P < .001), multinodular or infiltrative/diffuse type HCC (P < .001), main PVI (P < .001), HVI (P < .001), and BDI (P < .001) as significant poor prognostic factors for BCLC-C HCC. Four independent prognostic factors associated with 1-, 3-, and 5-year survival rates in the multivariate Cox regression analysis are listed in Table 3 . The 5-year survival HRs and 95% CIs for a tumor size of ≥5.0 cm, distant metastasis, multinodular or infiltrative/diffuse type HCC, and BDI were 3.1 (2.0-4.7), 2.4 (1.3-4.4), 2.4 (1.7-3.4), and 2.3 (1.5-3.3), respectively. The associated Kaplan-Meier curves are displayed in Figure 1A -D. As illustrated, the 5-year survival rates of each prognostic factor decreased with statistical significance (P < .001).
Subclassification and survival of BCLC-C HCC patients
Based on the results of the multivariate Cox regression analysis, patients were stratified according to a tumor size of ≥5.0 cm, distant metastasis, multinodular or infiltrative/diffuse type HCC, and BDI. Patients were categorized into 5 substages according to a new BCLC-C subclassification system: Stage C0, patients with no prognostic factors; Stage C1, patients with 1 prognostic factor; Stage C2, patients with 2 prognostic factors; Stage C3, patients Table 3 Multivariate Cox regression analysis of factors associated with 1-, 3-, and 5-year survival rates. 
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Medicine with 3 prognostic factors; and Stage C4, patients with all 4 prognostic factors. The new BCLC-C subclassification system and survival curves were analyzed. Figure 2A shows the survival curve for the entire patient cohort, whereas Figure 2B shows the survival curve for each subclassification. Analysis of the Kaplan-Meier curves demonstrated that there was a statistically significant difference in survival among the substages (log-rank test; P < .001) (Fig. 2B) Fig. 3 ). The 5-year OS rates of each of the substages analyzed by multivariate Cox regression analysis are displayed in Figure 3 . Patients with a higher substage had a statistically significant shorter 5-year OS rate (P < .001). Therefore, BCLC-C subclassification correlated with survival. Table 4 summarizes the distribution of prognostic factors in each subclass. Tumor size (≥5.0 cm) was the most commonly Figure 1 . Kaplan-Meier curves of 5-year survival rates after diagnosis stratified according to (A) tumor size (log-rank test; P < .001), (B) distant metastasis (log-rank test; P < .001), (C) bile duct invasion (log-rank test; P < .001), and (D) nodularity (log-rank test; P < .05). observed prognostic factor in Stages C1, C2, and C3. HCC type and BDI were the second-and third-most commonly observed factors in Stages C1, C2, and C3.
Treatment modalities according to BCLC-C subclassification
Of the enrolled patients who received active treatment (n = 161), 17 patients (10.6%) underwent surgical resection, 97 patients (60.2%) were treated with TACE, 11 patients (6.8%) were treated with HAI therapy, 18 patients (11.2%) were treated with sorafenib therapy, and 18 patients (11.2%) were treated with RT as first-line therapy ( Table 2 ). The distribution of treatment approaches is presented in 
Discussion
There are many persistent, unmet clinical needs in the approach to managing BCLC-C HCC patients with or without PVTT. [20, 21] The need for better treatment strategies has not been satisfied. Recently, there have been numerous attempts to develop alternatives to the current standard treatment (sorafenib) and to develop combined treatment modalities. [10, 11] Since the present BCLC-C staging system includes heterogeneous patients with HCC, and treatment is limited to sorafenib only, sub-classification of BCLC-C HCC should be considered an important first step toward developing more specific and effective approaches to Jun et al. Medicine (2017) 96:17 Medicine the management of these patients. Therefore, we investigated treatment outcomes and prognostic factors for BCLC-C HCC patients and proposed a new sub-classification system for BCLC-C. Our study demonstrates that a new subclassification system for BCLC-C can aid clinicians in further refining the stratification of patients with HCC and improving their treatment. The proposed subclassification system of BCLC-C is not aimed at simply substituting the reference BCLC-C staging system or its treatment algorithm. Instead, it is intended to serve as an additional prognostic tool that complements this classification. In addition, treatments other than the standard therapy that is currently recommended by the BCLC guidelines (sorafenib) were analyzed and their clinical outcomes were compared with each other. Our analysis specifically included surgical resection, TACE, HAI therapy, and RT. Previous studies [22] [23] [24] [25] have reported that tumor size, serum AFP levels, CPS, extrahepatic involvement, multinodular HCC, vascular invasion, and BDI are poor prognostic factors for survival in patients with HCC. In agreement with these studies, CPS, tumor size, distant metastasis, HCC nodularity, PVI, HVI, and BDI were associated with survival rates in the present study. Based on a multivariate analysis, tumor size, distant metastasis, HCC nodularity, and BDI were confirmed as independent prognostic factors for 5-year survival in our study. Although serum AFP levels and CPS exhibited significant associations with survival in our univariate analysis, the associations did not remain statistically significant in our multivariate Cox regression analysis. These findings may be explained by the fact that the majority of patients with BCLC-C HCC had elevated serum AFP levels (>400 IU/mL) and the majority of the enrolled BCLC-C HCC patients had a low CPS. Therefore, we stratified BCLC-C HCC patients into 5 substages, using the 4 prognostic factors that were significantly associated with survival in our multivariate analysis (tumor size ≥5.0 cm, distant metastasis, multinodular or infiltrative/diffuse type HCC, and BDI). Our proposal for a new BCLC-C subclassification system for HCC patients is as follows: Stage C0, patients with no prognostic factors; Stage C1, patients with 1 prognostic factor; Stage C2, patients with 2 prognostic factors; Stage C3, patients with 3 prognostic factors; and Stage C4, patients with all 4 prognostic factors. The median survival times progressively declined in patients with a higher substage (Stage C0, 3026 days; Stage C1, 605 days; Stage C2, 224 days; Stage C3, 126 days; and Stage C4, 82 days; P < .001).These findings suggest that BCLC-C substages correlate with survival. Although the small numbers of patients with Stage C0 (n = 7) and Stage C4 (n = 2) disease is a limiting factor for survival stratification, our proposed subclassification could be validated in larger patient cohorts. Therefore, large prospective studies are warranted.
Sinn et al [26] suggested su-classifying BCLC-C based on the extent of PVI and type of extrahepatic spread, noting that this subclassification may minimize within-stage tumor heterogeneity and help to provide better predictions of survival. Although CPS, tumor size, PVI, distant metastasis, and AFP were significantly associated with survival rates in their study, Sinn et al subclassified BCLC-C based on PVI and distant metastasis, which are tumorrelated factors that define BCLC-C. In contrast, our study included a multivariate analysis of all of the factors that were significantly associated with survival in univariate analyses. We then defined our subclassification based on the 4 factors that continued to show significant associations with survival in the multivariate analysis. Sinn et al [26] showed that other treatment modalities may have better outcomes than sorafenib, but their study did not include any comparison of the survival rates within each substage for treatment modalities other than sorafenib. We assessed treatment outcomes, as evaluated according to both substages and treatment modalities, and suggest the application of different treatment methods, as individualized based on tumor status.
Regarding first-line treatment modalities, 17 patients (8.7%) underwent surgical resection, 97 patients (49.5%) were treated with TACE, 11 patients (5.6%) were treated with HAI therapy, Table 5 Comparison of treatment approaches according to the proposed BCLC-C classification. 18 patients (9.2%) were treated with sorafenib therapy, and 18 patients (9.2%) were treated with RT. TACE was the most commonly used first-line treatment modality, with a median survival time of 372 days. Surgical resection exhibited the longest median survival time of 1343 days. Liver transplantation was not performed in BCLC-C HCC patients at our centers, owing to the high costs involved and shortage of donors. Generally, PVTT is regarded as a contraindication for TACE because of the potential for extensive hepatic necrosis in patients whose blood supply is already compromised. [7, 27] However, PVTT was not considered an absolute contraindication for TACE or surgical resection at our centers, as suggested by other studies and guidelines. [28, 29] Our study suggests that surgical resection or TACE may be appropriate for a proportion of BCLC-C HCC patients, especially Stage C0-1 BCLC-C HCC patients, which is consistent with other reports. [30] [31] [32] Recent studies [33, 34] have revealed that TACE is effective in prolonging the survival of HCC patients with PVTT in comparison with more conservative treatments. Furthermore, a recent study [35] comparing TACE and sorafenib in patients with BCLC-C HCC reported that the median OS times of patients treated with TACE (9.2 [95% CI: 6.1-12.3] months) were comparable to those of patients treated with sorafenib (7.4 [95% CI: 5.6-9.2] months; P = .38).
BCLC-C classification
In our study, TACE was associated with a longer median OS time than sorafenib in Stage C0 and Stage C1 patients, but a shorter median OS time than sorafenib in Stage C2 patients. Of the 12 patients with a median OS time of <180 days in the Stage C2 group, 4 patients (33.3%) were treated with TACE as firstline therapy because of HCC rupture. HCC rupture is a lifethreatening complication, and the higher proportion of HCC rupture patients in the Stage C2 group treated with TACE, as compared with the StageC2 group treated with other modalities, may have contributed to the shorter median OS times of Stage C2 patients treated with TACE as first-line therapy.
Ando et al [36] reported that HAI therapy with cisplatin plus 5-fluorouracil was effective in HCC patients (n = 48) with PVTT(5-year survival rate, 11.0% and median survival time,10.2 months). In our study, HAI therapy was also an effective first-line treatment for HCC patients with PVTT (median OS time, 9.7 months).
In our study, surgical resection was associated with the longest median OS time of 1343 days. However, small sample sizes and the bias that treating physicians have in favor of operating on candidates may represent limiting factors for the confirmation of survival differences among other treatment groups. The majority of HCC patients with Vp4 are considered technically inappropriate for curative resection. [7] Peng et al [37] reported that surgical resection was associated with increased survival durations for resectable HCC patients with PVTT (1-, 3-, and 5-year OS rates: 42.0%, 14.1%, and 11.1%, respectively) compared to those treated with TACE (1-, 3-, and 5-year OS rates: 37.8%, 7.3%, and 0.5%, respectively; P < .001). Some authors [30] have also proposed extending the indications for surgery to include more advanced-stage HCC patients.
A recent study [19] demonstrated that proton-beam RT, 3-dimensional conformal RT, and stereotactic body RT provide increased superselective delivery of radiation doses to the tumor, while minimizing radiation doses to normal tissue. Nakazawa et al [38] reported survival differences between sorafenib and RT in inoperable HCC patients with PVTT (Vp3/Vp4). The median OS times of the sorafenib-treated group and the RT-treated group were initially comparable (4.3 vs.5.9 months; P = .12). However, after matching on propensity scores, the RT-treated group had a higher median OS time than the sorafenib-treated group (n = 28 per group; 10.9 vs.4.8 months; P < .05). In our study, a statistically significant difference in median OS times was not observed between the sorafenib-treated group and the RT-treated group (6.2 vs. 6.4 months; P = .940).
Considering these findings together, a small proportion of patients may benefit from sorafenib treatment. Although sorafenib is currently the only approved treatment for BCLC-C HCC, its therapeutic effect appears marginal. Therefore, different treatment strategies or combination modalities should be considered for improving survival outcomes in these patients. We recommend surgery-based combination therapies for resectable HCC patients with PVTT and TACE-based multimodal therapies for unresectable HCC patients with PVTT. This suggestion may help physicians select optimal treatment strategies for HCC patients with PVTT. In our study, HAI therapy or RT proved to be more effective than conventional sorafenib treatment. However, small sample sizes limit our evaluations of their efficacies, warranting further investigation.
Because our study did not have prospective design, there was no standardized indication for selecting treatment modalities. Instead, the treatment modality was decided based on the patient's tumor state, physical activity, and economic status, as well as the physician's personal preferences. Hence, because of preexisting differences in patient characteristics, selection biases may have affected the survival differences that were observed between treatment modalities in our study. Additionally, patients who have higher substages are more likely to have shorter survival times because of their tumors showing more unfavorable characteristics.
There were some limitations to this study. First, our study had a dual-center retrospective design that is susceptible to potential biases, which may preclude definitive conclusions. Therefore, future prospective multicenter clinical trials are needed to confirm these findings. Second, the lack of patients treated with combination therapies may have affected the results. Lastly, the small sample sizes may have also been a limiting factor.
Conclusions
In this study, we proposed a new subclassification of BCLC-C HCC that offers improved prognostic ability and better guidance for treatment selection. Multidisciplinary approaches combining surgical resection, TACE, HAI therapy, and RT in selected patients may provide better clinical outcomes than current first-line sorafenib treatment alone. However, future prospective randomized controlled studies are needed to validate these findings.
